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CONSTRUCTION & MINING EQUIPMENT INDUSTRY GROUP

ADVISORY NOTICE

Disclaimer: CMEIG is a non-profit organisation sponsored by companies involved in the supply of
products and services in the construction and mining equipment supply industry in Australia. This
document has been prepared by members of CMEIG and is distributed by the Association. This
information is provided for guidance only and no legal liability can be accepted by the Association for its
use. CMEIG advises that you should seek appropriate specialist advice for your solution.

IN-SERVICE BRAKE TESTING OF EARTHMOVING MACHINERY IN MINES
(AS 3450:2021 - Earth-moving machinery - Wheeled or high-speed
rubber-tracked machines - Performance requirements and test
procedures for brake systems)

CMEIG has recently received a number of inquiries requesting CMEIG's position on in-service dynamic brake
testing of mining machinery.

Background
There are two key regulatory references that have historically driven Australian interest in in-service
dynamic brake testing:

1. Queensland Coal Mining Health and Safety Regulation 2017

"

Part 10 Plant
Division 1 Fixed and mobile plant
66 Braking systems
(1) A coal mine’s safety and health management system must provide for the continued
effectiveness of braking systems on fixed and mobile plant used at the mine.
Examples of braking systems for subsection (1)—
1 hoist brakes on shovels or draglines
2 braking systems on winders

(2) The system must provide for the following—
(a) the dynamic testing of service brakes;
(b) appropriate testing of parking brakes, emergency brakes and other braking systems the
failure of which may create a risk to a person;
(c) keeping a record of the brake test results in a location that is easily accessible by each coal
mine worker at the mine.

1The latest version of this regulation is quoted. However, this requirement existed in previous versions of the Regulation.
At the time of writing, a copy of the current version of the Queensland CMHS Regulation can be obtained from:
https://www.legislation.qld.gov.au/view/pdf/inforce/2018-07-01/sl-2017-0165
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2. New South Wales MDG-15 - Mining Design Guideline — Mobile and transportable plant for use on
mines and petroleum sites®

“”

4.2.8. Brake testing

To verify the condition of braking systems, end users will need to undertake testing. Information
should be provided from the designer/manufacturer/supplier on acceptable deceleration limits for
all retardation and braking systems. Consideration should be given to carrying out periodic dynamic
brake testing, refer to AS 2958. A means of using measurement for maintenance checking (or at
least indication) of mobile plant deceleration should be provided where practical for plant. For
example, a portable means of recording brake application, frequency and length of application.

This is particularly useful for:
e operator training
e dentifying effectiveness/deterioration of the braking system rather than relying on
"operator feel"
e providing pre-warning of possible brake failure
e complementing periodic inspections.

7

When AS 2958.1 — Earth-Moving Machinery Brakes was published in 1995, it also included some basic
guidance on how to conduct in-service brake testing. It is CMEIG’s understanding that as the needs of the
industry evolved, the guidance contained in AS 2958.1 was no longer adequate for industry’s needs.

CMEIG also notes that there were a number of common areas of confusion in industry including:

e interpreting the parking brake as the secondary/emergency brake and assuming that
parking brakes are to be tested dynamically

e treating all machines and their different braking systems the same as dump trucks and
dump truck braking systems

e the dynamics of braking e.g. the role of response time, deceleration rate, fully developed
deceleration etc.

e test repeatability and reproducibility (e.g. test mass not controlled between tests)
e capabilities and deficiencies of on-highway-style deceleration measurement devices
To address some of the aforementioned issues, a replacement for AS 2958.1 was published in 2021 by

Standards Australia, AS 3450 - Earth-moving machinery - Wheeled or high-speed rubber-tracked machines
- Performance requirements and test procedures for brake systems (ISO 3450:2011, MOD).

2The latest version of this guideline is quoted. However, this recommendation existed in previous versions of the guideline.
At the time of writing, a copy of the current version of New South Wales MDG-15 can be obtained from:
https://www.resourcesregulator.nsw.gov.au/sites/default/files/documents/mdg-15-guideline-for-mobile-and-transportable-
plant-for-use-at-mines-other-than-underground-coal-mines-2020-version.pdf
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AS 3450:2021 Details

AS 3450:2021 is a modified adoption of 1SO 3450:2011 - Earth- =

moving machinery — Wheeled or high-speed rubber-tracked i
machines — Performance requirements and test procedures for DU W o™
brake systems.

arth-moving machinery — Wheeled or
igh-speed rubber-tracked machines
Performance requirements and test
ocedures for brake systems (ISO
50:2011, MOD)

The main body of AS 3450:2021 is essentially a direct text adoption
of ISO 3450:2011, and specifies minimum performance
requirements and test procedures for the service, secondary and
parking brake systems of wheeled and high-speed rubber-tracked
earth-moving machines, for the uniform assessment of those brake
systems i.e. generally focused on type-testing requirements for
brakes, usually conducted by the original equipment manufacturer
under controlled conditions.

nnnnnn

However, in addition, AS 3450 also includes an Appendix ZA — Procedure for in-service brake testing which
sets out a procedure for end users to conduct in-service brake testing, via a combination of general and
instrumented performance tests (including dynamic tests) focused on the correct operation of braking
systems. The Appendix ZA procedure was written specifically to address Australian mining industry needs
for an in-service brake testing procedure that is relatively simple to implement in a typical mining
environment where there is a local/regulatory need for such testing to be conducted. The Appendix ZA
procedure is not intended to verify comprehensive factory testing to 1ISO 3450 requirements, nor to
overrule manufacturer guidance on inspecting and maintain braking systems.

CMEIG Position
CMEIG participated in the development of AS 3450:2021 and is aligned with the recommendations in
Appendix ZA of this standard.

CMEIG maintains that end users should continue to refer to the braking related guidance in the Operation
and Maintenance Manual and service literature for that machine. These document the specific
requirements, recommendations and guidance to ensure the continued effectiveness of brakes for that
particular machine.

However, there may be additional local requirements or guidance which drives an end-user need for in-
service dynamic brake testing. CMEIG also notes that as pointed out in MDG-15, there may be other
operational reasons for conducting in-service brake testing. In such cases, Appendix ZA of AS 3450:2021
provides guidance to end users and CMEIG encourages end users to review and determine for themselves
what is appropriate in their specific circumstance.

Please contact your original equipment manufacturer or their authorised representative for more
information or for specific guidance.
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Frequently Asked Questions

1. Canlcompare my brake test results using AS 3450:2021 against the compliance/type-testing done
by the manufacturer using 1SO 3450:20117?
AS 3450 Appendix ZA describes a simplified dynamic test for in-service applications. Please also note,
the AS 3450 Appendix ZA is a deceleration-based test using simplified instrumentation. 1ISO 3450:2011
type-testing is stopping distance based, and typically done by an equipment manufacturer using much
more complex instrumentation and a very strict adherence to test repeatability and reproducibility. It
is CMEIG’s position that it would be impractical in many instances to conduct a full ISO 3450:2011
compliance test for in-service testing.

2. Canluse my AS 3450 Appendix ZA test data for trending?
If trending is referring to comparison of test data obtained against prior data for consistency, CMEIG
supports this. By way of example, if a test result consistently produces a result of 30% brake capability,
and then produces a test result of 24%, while it may meet the minimum requirements of Appendix ZA
(i.e. 219% brake capability and not less than 80% of historical brake capability), the result is
inconsistent with prior performance trends and the discrepancy should be investigated.

In terms of detailed trending e.g. for predictive maintenance or rate of degradation purposes, CMEIG
notes that this will likely depend on the ability of a mine to collect enough quality data to establish a
good baseline for expected performance and performance degradation in that particular mining
environment. The mine would need to manage both repeatability and reproducibility of brake tests.

Without controlling many of the typical test variables, it may be difficult to make substantive
conclusions regarding trending or performance. Some of the test variables that would require close
monitoring include:

e Machine test mass (e.g. precise weighing of machines that are tested loaded)
e Test surface

e Tyres and tyre condition

e Ground conditions

e Surface slope in the direction of travel and cross slope

e QOperator braking and machine operating behaviour

e Consistency in initial velocity prior to braking

e Instrumentation hardware and software

e Specific machine brake system design

3. Does AS 3450 Appendix ZA apply to non-mining applications e.g. on a construction site?
CMEIG notes this topic is discussed in the AS 3450 Appendix ZA.1.1 (Scope), which states:

“It is noted that end users may need to deviate from the guidance provided, in consideration of their
specific site practices, or the specific equipment manufacturer’s recommendations. It is also noted
that the suggested procedures may not be practicable for applications of rubber tired earthmoving
machinery other than mining and quarrying applications...”

4. Is it OK to test haul trucks loaded or should they be tested unloaded?
While modern haul trucks can operate at speeds >50 km/h, the service brake test speed range in AS
3450 Appendix ZA is limited to 15-32 km/h (secondary brake maximum test speed is lowered further
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to 25 km/h). Any speed in these ranges is acceptable, noting that slower speeds reduce the braking
event duration, potentially reducing accuracy. However, a site may make a decision that a slower test
speed is more appropriate for their work environment. Please note, AS 3450 ZA.2.4 states the
following:

“Where any tests introduce a health and safety risk or are impractical to be conducted loaded, tests
should be conducted with a partial payload or without a payload.”

5. Why are wheeled loaders tested unloaded?
CMEIG notes that testing wheeled loaders unloaded is consistent with ISO 3450:2011 test
methodology.

6. What about secondary brakes — should | be doing dynamic tests for secondary brakes?
What about parking brakes?
AS 3450 ZA.2.6.3 provides some clarity on secondary brakes:

“NOTE: The secondary brake is a modulated brake system for maximum machine speeds greater
than 20 km/h. In these cases, the secondary brake is not the parking brake. Secondary brakes may
not have a user-actuated control. They may be different combinations of systems used to stop the
machine depending on the specific single failure in the service brake system and, as such, can be
impractical to test dynamically for the purpose of in-service testing. Testing of equipment secondary
brake systems should not require significant intrusion into the braking system for testing purposes
to avoid adding complexity and a risk of compromising the braking system.

CMEIG notes that for certain mining machines e.g. wheel loaders, articulated trucks and motor
graders, the parking brake is not the secondary brake and should not be dynamically tested. There is
an appropriate test procedure provided in AS 3450 ZA.2.8.

So in terms of how to test secondary/emergency brakes in such cases, Clause 66(2)(b) of the QLD Coal
Mining Health and Safety Regulation 2017 is likely the most appropriate reference. This states that
appropriate testing of other braking systems is required, rather than specifically dynamic testing as is
the case for service brakes. Appropriate testing may or may not involve dynamic testing and the end
user should consult with their original equipment manufacturer or their authorised representative for
specific guidance.

7. Where do I go to identify each braking system on my machine?
Not all machines and not all manufacturers have the same braking systems designs. The end user
should consult with their original equipment manufacturer or their authorised representative for
specific guidance, if such information is not already contained in the Operation and Maintenance
Manual, and service literature.

Please also note, identifying a ‘secondary brake’ or ‘emergency brake’ in the way these terms are
defined in the Queensland Coal Mining Health and Safety Regulation 2017 may cause potential
confusion. Generally, braking systems are classed as Service Brakes, Secondary Brakes and Parking
Brakes according to ISO 3450. In different applications, different braking systems can have common
components. Secondary brakes in particular may not actually be an independent physical brake
system. By way of example, in some cases, it is a concept whereby the machine is designed to
provide all available braking capacity remaining, in the event of a failure of the service brake system.
In such cases, it may be difficult for an OEM to clearly identify a particular brake control as being a
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‘secondary brake’ or ‘emergency brake’ actuation control. Also, by way of example, on some electric
drive equipment, efficient braking in the everyday use of a machine may involve ‘blending’ electric
retarding and mechanical braking. End users should consult with the OEM or their authorised
representative for guidance on which braking systems should be tested in-service per AS 3450 or the
Queensland Coal Mining Health and Safety Regulations require.

8. What about tracked machines like dozers and excavators? Should they follow AS 3450?
CMEIG understands these machines are out of scope of AS 3450 Appendix ZA. While some of the same
principles could be adopted as appropriate, refer to ISO 10265 - Earth-moving machinery — Crawler
machines — Performance requirements and test procedures for braking systems for test procedures
for lower speed tracked machines.

9. What testing is required for swing or hoist brakes on larger excavators, shovels or draglines?
We note that this question may be referring to Clause 66(2) of the Queensland Coal Mining Health
and Safety Regulations 2017, and whether such brakes are considered to be a service brake, therefore
requiring dynamic testing.

CMEIG notes that swing or hoist brakes are typically not considered a service brake and therefore
Clause 66(2)(b) is the most appropriate reference. This states that appropriate testing of other braking
systems is required, rather than specifically dynamic testing as is the case for service brakes.
Appropriate testing may or may not involve dynamic testing and the end user should consult with
their original equipment manufacturer or their authorised representative for specific guidance for
their excavator/shovel/dragline.

10. What are the OEM recommendation for dynamic testing and dynamic testing frequency?

CMEIG maintains that end users should continue to refer to the braking related guidance in the
Operation and Maintenance Manual and service literature for that machine. These document the
specific requirements, recommendations, and guidance to ensure the continued effectiveness of
brakes for that particular machine. Where there are specific requirements to conduct in-service brake
testing (e.g. regulatory requirement or guidance, customer preference etc.), CMEIG encourages
following AS 3450:2021 Appendix ZA as a complementary process where it is considered appropriate
e.g. a site-based need, or the presence of a regulatory driver to do so.

Regarding testing frequency, CMEIG notes that AS 3450:2021 mentions a recommended in-service
test frequency of 6 months, but allows this to be adjusted based on OEM recommendations or site-
based risk assessment. Please note that equipment users should continue to follow the inspection and
maintenance recommended by the OEM in the Operation and Maintenance Manual and Service
literature.
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